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(54) BATCH TYPE HEAT TREATMENT EQUIPMENT AND ITS CONTROL METHOD 



(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate an accurate 
temperature for a heat treatment equipment by 
estimating the temperature of a substance to be treated 
in order to perform the heat treatment of the substance. 
SOLUTION: A reactive pipe 2 is provided with heaters 
31-35, temperature sensors Sin1-Sin5 and Sout1-Sout5 
and houses a wafer boat 23. A control part 1 00 
estimates the temperatures of wafers W of five zones 
corresponding to the heaters 31-35 of the pipe 2 and 
also the temperatures of sensors Sin1-Sin5 by means of 
the electric power of the sensors Sin1-Sin5, Soutl- 
SoutS and the heaters 31-35. The functions f1-f5 
showing the relation between the estimated temperature 
and actual temperature of every zone are calculated 
from the relation of estimated and actual temperatures 
among sensors Sin1-Sin5. The estimated wafer 
temperatures are substituted for the functions f1-f5 for 
correcting the wafer temperatures. The electric power 
supplied to the heaters 31-35 are individually controlled 
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so that the corrected wafer temperatures are converged on a target temperature track. 
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(54) BATCH TYPE HEAT TREATMENT EQUIPMENT AND ITS CONTROL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate an accurate temperature 
for a heat treatment equipment by estimating the temperature of a 
substance to be treated in order to perform the heat treatment of ^ 
the substance. \ x „ 
SOLUTION: A reactive pipe 2 is provided with heaters 31-35, 
temperature sensors Sin1-Sin5 and Sout1-Sout5 and houses a 
wafer boat 23. A control part 100 estimates the temperatures of 
wafers W of five zones corresponding to the heaters 31-35 of the 
pipe 2 and also the temperatures of sensors Sin1-Sin5 by means of 
the electric power of the sensors Sin1-Sin5, Sout1-Sout5 and the 
heaters 31-35. The functions fl-f5 showing the relation between 
the estimated temperature and actual temperature of every zone 
are calculated from the relation of estimated and actual 
temperatures among. sensors Sin1-Sin5. The estimated wafer 
temperatures are substituted for the functions fl-f5 for correcting 
the wafer temperatures. The electric power supplied to the heaters 
31-35 are individually controlled so that the corrected wafer 
temperatures are converged on a target temperature track. 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] The heating furnace which is equipped with two or more heaters and two or more temperature 
sensors, and holds a processed object in the interior, The memory which memorizes the model for presuming 
the temperature of the processed object in said heating furnace, and the temperature of said temperature sensor 
itself from the output of said temperature sensor, The 1 st temperature presumption section which presumes the 
temperature of the processed object in said heating furnace from the output of said temperature sensor using a 
model, The 2nd temperature presumption section which presumes the temperature of said temperature sensor 
itself using said model, The proofreading section which proofreads the temperature which said 1st temperature 
presumption section presumed based on the temperature which the output of said temperature sensor shows, and 
the temperature of said temperature sensor which said 2nd temperature presumption section presumed, The 
batch type thermal treatment equipment characterized by what it has the control means which controls said two 
or more heaters for according to the temperature proofread by said proofreading section. 
[Claim 2] Said proofreading section is a batch type thermal treatment equipment according to claim 1 
characterized by what it has a means to proofread the temperature which the 1st temperature presumption 
section presumed for by asking for the relation between the temperature which said 2nd temperature 
presumption section presumed, and the temperature which the output of said temperature sensor shows, and 
applying the temperature which said 1 st temperature presumption section presumed in this relation. 
[Claim 3] Said proofreading section is a batch type thermal treatment equipment according to claim 1 or 2 
characterized by what offset of the temperature which said temperature sensor when being based on the 
temperature which said 2nd temperature presumption section presumed shows is searched for, and it has a 
means to proofread the temperature which the 1st temperature presumption section presumed added this offset 
for. 

[Claim 4] Said proofreading section proofreads by asking for the scale factor of the actual measurement of said 
temperature sensor to the temperature which said 2nd temperature presumption section presumed, and carrying 
out the multiplication of this scale factor to the temperature which the 1st temperature presumption section 
presumed. The batch type thermal treatment equipment according to claim 1, 2, or 3 characterized by things. 
[Claim 5] Said model is a model for presuming the temperature of the processed object in said heating furnace, 
and the temperature of said temperature sensor itself further to be the outputs of said temperature sensor from 
the power of said heater. Said 1st temperature presumption section presumes the temperature of the processed 
object in said heating furnace from the output of said temperature sensor, and the power of two or more of said 
heaters. Said 2nd temperature presumption section A batch type thermal treatment equipment given in claim 1 
characterized by what the temperature of said temperature sensor is presumed for from the output of said 
temperature sensor, and the power of two or more of said heaters thru/or any 1 term of 4. 
[Claim 6] Said model is a batch type thermal treatment equipment given in claim 1 characterized by what the 
model for controlling a heater is included for in order to bring the temperature of the presumed processed object 
close to desired value thru/or any 1 term of 5. 

[Claim 7] Said control means is a batch type thermal treatment equipment given in claim 1 characterized by 
what the temperature of said processed object is presumed and said heater is controlled for according to this 
estimate based on said model so that it may have a recipe storage means memorize the recipe which shows the 
temperature change which should be given to a processed object and may change according to the recipe with 
which the temperature of said processed object was memorized by said recipe storage means thru/or any 1 term 
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of 6. 

[Claim 8] It is the batch type thermal treatment equipment according to claim 7 which said recipe storage means 
memorizes the recipe corrected according to the zone of the plurality of the array direction of a processed object 
in said heating furnace, and is characterized by what said control means controls said heater for according to the 
recipe of each zone. 

[Claim 9] Said control means is a batch type thermal treatment equipment according to claim 8 characterized by 
what said heater is controlled for so that dispersion in the group of the temperature which the recipe of the 
group of presumed wafer temperature and two or more of said zones which the proofreading means proofread 
directs may serve as min. 

[Claim 10] It is the control approach of a batch type thermal treatment equipment of having the heating furnace 
which is equipped with two or more heaters and two or more temperature sensors, and holds a processed object 
in the interior. From the output of said temperature sensor, the model for presuming the temperature of the 
processed object in said heating furnace and the temperature of the temperature sensor itself [ this ] is 
memorized. The temperature which presumes the temperature of the processed object in said heating furnace, 
and the temperature of said temperature sensor itself, and the output of said temperature sensor shows from the 
output of said temperature sensor using said model, The control approach of the batch type thermal treatment 
equipment characterized by what the temperature of the temperature sensor presumed using said model is 
measured, the presumed temperature of a processed object is proofread using said model according to a 
comparison result, and said two or more heaters are controlled for according to the presumed temperature of the 
proofread processed object. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention presumes the temperature of the semi-conductor wafer held especially 
about the batch type thermal treatment equipment which bundles up several processed many objects, such as a 
semi-conductor wafer, and heat-treats them, and relates to the batch type thermal treatment equipment and its 
control approach of the adaptive control mold which performs optimal control based on a presumed result. 
[0002] 

[Description of the Prior Art] As a batch type thermal treatment equipment performed by putting in block heat 
treatment of membrane formation processing, oxidation treatment, or diffusion process to many semi-conductor 
wafers, the horizontal-type thermal treatment equipment and the vertical mold thermal treatment equipment are 
known, and, recently, the reasons of there being little atmospheric contamination to a vertical mold thermal 
treatment equipment is becoming in use. 

[0003] Drawing 4 is drawing showing the appearance of a vertical mold thermal treatment equipment, and this 
equipment is equipped with the heating furnace 1 1 of a vertical mold, and the wafer boat 12 which is a wafer 
holder. A heating furnace 1 1 forms a heater in the perimeter of the coil of a vertical mold, and is constituted, 
and gas supply line 11a and exhaust pipe 1 lb are connected. 

[0004] a wafer boat 12 is a processed object by having two or more stanchions 13 and supporting the periphery 
section of Wafer W into the slot formed in each strut 13 — many — it is constituted so that several wafers W 
may be held in a predetermined pitch ledged. a wafer boat 12 — many — after holding several wafers W, it is 
carried in by baud TOREBETA in a heating furnace 1 1 through lower part opening of a heating furnace 1 1 , and 
predetermined heat treatment is performed to Wafer W. 

[0005] In the control system of such a thermal treatment equipment, for example, according to the class of thin 
film which should form membranes, thickness, etc., processing conditions (desired value of a processing 
parameter), such as processing temperature, processing pressure force, and a quantity of gas flow, are decided, 
and two or more preparation of the recipe which wrote in these processing conditions is carried out. And when 
each operator chooses the recipe according to the class and thickness of a thin film, a thermal treatment 
equipment is operated based on the processing conditions defined beforehand. 

[0006] A thermal treatment equipment processes controlling to make it in agreement with the desired value as 
which processing conditions, such as processing temperature, processing pressure force, and a quantity of gas 
flow, were determined to the recipe. In order to perform these processings appropriately, it is necessary to 
measure the temperature of a wafer, the pressure in a heating furnace, a quantity of gas flow, etc. 
[0007] The pressure in a heating furnace can measure a quantity of gas flow comparatively correctly with the 
massflow controller containing the flowmeter arranged at the supply pipe etc. by the pressure gage. However, 
about the temperature of a wafer, measurement is difficult. For example, although the technique which equips a 
wafer with a temperature sensor and is contained in a heating furnace is also considered, a semiconductor 
device cannot be formed in a temperature sensor wearing part, but further, the whole inside of a heating furnace 
is polluted and there is a possibility of reducing the yield of a semiconductor device. Moreover, although 
measuring the temperature of the ambient atmosphere around a wafer is also considered, by this technique, 
temperature of a wafer cannot be measured correctly. 

[0008] The technique which can solve these problems is indicated by for example, the U.S. Pat. No. 5,517,594 
official report. This technique is a technique which arranges two or more temperature sensors to a heating 
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furnace, presumes the temperature of a wafer every moment using a figure model based on the output of this 
temperature sensor, the supply voltage to a heater, etc., and controls heater power using estimate. According to 
this technique, without causing metal contamination etc., temperature of a wafer can be measured by non- 
contact comparatively correctly (presumption), and a thermal treatment equipment can be controlled. 
[0009] 

[Problem(s) to be Solved by the Invention] It may shift from the difference between the equipment used also 
with this technique when, creating actual equipment and an actual mathematical model for example, or an 
environment, and temperature with the actual temperature further presumed by the mathematical model 
according to the difference in a process etc. (count). In this case, heater power will be controlled based on the 
mistaken wafer temperature, and a request cannot be processed to a wafer. 

[0010] This invention is accomplished under such a situation and is to presume the temperature of a processed 
object and enable presumption of exact temperature of it in the thermal treatment equipment which heat-treats 
based on the presumed temperature, and its control approach using a mathematical model. Moreover, this 
invention aims at offering the batch type thermal treatment equipment which can manufacture the 
semiconductor device excellent in dependability and the yield, and its control approach. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the batch type thermal 
treatment equipment concerning the 1st viewpoint of this invention The heating furnace which is equipped with 
two or more heaters and two or more temperature sensors, and holds a processed object in the interior, The 
memory which memorizes the model for presuming the temperature of the processed object in said heating 
furnace, and the temperature of said temperature sensor itself from the output of said temperature sensor, The 
1st temperature presumption section which presumes the temperature of the processed object in said heating 
furnace from the output of said temperature sensor using a model, The 2nd temperature presumption section 
which presumes the temperature of said temperature sensor itself using said model, The comparator which 
measures the temperature which the output of said temperature sensor shows, and the temperature of said 
temperature sensor which said 2nd temperature presumption section presumed, According to the comparison 
result of a comparator, it is characterized by what it has for the proofreading section which proofreads the 
temperature which said 1 st temperature presumption section presumed, and the control means which controls 
said two or more heaters according to the temperature proofread by said proofreading section. 
[0012] According to this invention, while surveying temperature of a temperature sensor, it presumes using a 
model. Therefore, it can ask for the relation between the presumed temperature and actual temperature. By 
using a common model for presumption of the temperature of a processed object and a temperature sensor, the 
relation between the observation temperature of a temperature sensor and presumed temperature is applied also 
somewhat like the relation between the actual temperature of a processed object, and presumed temperature, 
and it gets. Therefore, by applying this relation etc. to the presumed temperature of a processed object etc., the 
presumed temperature of a processed object can be proofread, the temperature of a processed object can be 
searched for almost correctly, and a heater can be controlled using this. 

[0013] Said proofreading section is equipped with a means to proofread the temperature which the 1st 
temperature presumption section presumed, by asking for the relation f between the temperature which said 2nd 
temperature presumption section presumed, and the temperature which the output of said temperature sensor 
shows for example, and applying the temperature which said 1 st temperature presumption section presumed in 
this relation f. Specifically, said proofreading section proofreads by searching for offset (for example, offset = 
observation temperature-presumption temperature) of the temperature which said temperature sensor when, for 
example, being based on the temperature which said 2nd temperature presumption section presumed surveyed, 
and adding this offset to the temperature of the processed object which the 1st temperature presumption section 
presumed. Or said proofreading section proofreads by asking for the scale factor k of the actual measurement of 
said temperature sensor to the temperature which said 2nd temperature presumption section presumed (k= 
actual measurement / estimate) for example, and carrying out the multiplication of this scale factor to the 
temperature which the 1 st temperature presumption section presumed. 

[0014] Said model contains the model for controlling a heater, in order to, bring the temperature of the 
presumed processed object close to desired value for example. 

[0015] Said model is a model for presuming the temperature of the processed object in said heating furnace, and 
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the temperature of said temperature sensor itself further to be the outputs of said temperature sensor from the 
power of said heater, for example. In this case, said 1st temperature presumption section presumes the 
temperature of the processed object in said heating furnace from the output of said temperature sensor, and the 
power of two or more of said heaters, and said 2nd temperature presumption section presumes the temperature 
of said temperature sensor from the output of said temperature sensor, and the power of two or more of said 
heaters. 

[0016] To have a recipe storage means to memorize the recipe which shows the temperature change which 
should be given to a processed object, and to change according to the recipe with which the temperature of said 
processed object was memorized by said recipe storage means, based on said model, said control means 
presumes the temperature of said processed object, and controls said heater according to this estimate. 
[0017] Said recipe storage means memorizes the recipe corrected according to the zone of the plurality of the 
array direction of a processed object in said heating furnace, and said control means controls said heater 
according to the recipe of each zone. 

[0018] Said control means controls said heater so that dispersion in the group of the temperature which the 
recipe of the group of presumed wafer temperature and two or more of said zones which for example, the 
proofreading means proofread directs serves as min. 

[0019] In order to attain the above-mentioned purpose, the control approach of the batch type thermal treatment 
equipment concerning the 2nd viewpoint of this invention It is the control approach of a batch type thermal 
treatment equipment of having the heating furnace which is equipped with two or more heaters and two or more 
temperature sensors, and holds a processed object in the interior. From the output of said temperature sensor, 
the model for presuming the temperature of the processed object in said heating furnace and the temperature of 
the temperature sensor itself [ this ] is memorized. The temperature which presumes the temperature of the 
processed object in said heating furnace, and the temperature of said temperature sensor itself, and the output of 
said temperature sensor shows from the output of said temperature sensor using said model, The temperature of 
the temperature sensor presumed using said model is measured, and according to a comparison result, using 
said model, the presumed temperature of a processed object is proofread and it is characterized by what said 
two or more heaters are controlled for according to the presumed temperature of the proofread processed object. 

[0020] 

[Embodiment of the Invention] The gestalt of the operation which applied the batch type thermal treatment 
equipment of this invention to the vertical mold thermal treatment equipment is explained. As this vertical mold 
thermal treatment equipment is shown in drawing 1 , it has the coil 2 of the double pipe structure which consists 
of inner-tube 2a and outer-tube 2b which were made from the quartz, and the metallic tubed manifold 21 is 
formed in the coil 2 bottom. Opening of the upper limit is carried out and inner-tube 2a is supported by the 
manifold 21. Outer-tube 2b is formed in owner head lining, and the lower limit is airtightly joined to the upper 
limit of a manifold 21 . 

[0021] the inside of a coil 2 ~ many — in the level condition, the wafer W (product wafer) which constitutes the 
processed object of several sheets, for example, 150 sheets, sets spacing up and down, and is arranged ledged at 
the wafer boat 23 which is a wafer holder. This wafer boat 23 is held through the heat insulating mould (heat- 
insulating element) 25 on the lid 24. 

[0022] The heater 3 which consists of a resistor is formed in the perimeter of a coil 2. A heater 3 consists of 
heaters 31-35 arranged in five steps. Power is supplied independently to heaters 31-35 from the power 
controllers 36-40, respectively. A heating furnace is constituted by a coil 2, a manifold 21, and the heater 3. At 
heaters 31-35, a reaction within the pipe one is divided into five zones, as shown in drawin g 3 (a). 
[0023] Moreover, two or more gas supply lines are prepared in the manifold 21 so that gas may be supplied in 
inner-tube 2a, and by drawing 1 , in order to make an understanding easy, three gas supply lines 41 , 42, and 43 
are shown. A dichloro silane, ammonia, and nitrogen are supplied to each gas supply lines 41 , 42, and 43 
through the flow control sections 44, 45, and 46, such as a massflow controller (MFC) for adjusting a quantity 
of gas flow, respectively. Furthermore, the exhaust pipe 27 is connected to the manifold 21 so that it may 
exhaust from the clearance between inner-tube 2a and outer-tube 2b. This exhaust pipe 27 is connected to the 
vacuum pump which is not illustrated. The pressure regulation section 28 which contains a combination bulb, a 
butterfly valve, a bulb mechanical component, etc. for adjusting the pressure in a coil 2 in an exhaust pipe 27 is 
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formed. 

[0024] In the inside of inner-tube 2a, five thermocouples (temperature sensor) Sinl-Sin5 are arranged 
perpendicularly at the single tier. In order to prevent metal contamination of the semi-conductor wafer W, 
thermocouples Sinl-Sin5 are covered with the pipe of a quartz etc., and are arranged corresponding to five 
zones shown in drawing 3 (a), respectively. 

[0025] Moreover, two or more thermocouples (thermometry section) Soutl-Sout5 are arranged perpendicularly 
at the single tier at the external surface of outer-tube 2b. Thermocouples Soutl-SoutS are also arranged 
corresponding to five zones shown in drawing 3 (a), respectively. 

[0026] This vertical mold thermal treatment equipment is equipped with the control section 1 00 for controlling 
processing parameters, such as temperature of the processing ambient atmosphere in a coil 2, a quantity of gas 
flow, and a pressure. This control section 100 incorporates thermocouples Sinl-Sin5 and the output signal of 
Soutl-Sout5, and outputs a control signal to the power controllers 36-40 connected to heaters 31-35, the 
pressure regulation section 28, and the flow control sections 44-46. 

[0027] Drawing 2 shows the configuration of a control section 100. As shown in drawing 2 , a control section 
100 consists of the model storage section 1 1 1, the recipe storage section 1 12, ROM1 13 and RAMI 14, I/O Port 
115, CPU1 1 6, and a bus 117 that connects these mutually. 

[0028] Model M is memorized by the model storage section 111. Model M Thermocouples Sinl-Sin5 and the 
output signal of Soutl-SoutS The temperature of the wafer W of each zone currently laid in the wafer boat 23 
from the supply voltage (it corresponds to the control signal to the power controllers 36-40 connected to heaters 
31-35) to heaters 31-35 and the temperature of thermocouples Sinl-Sin5 are presumed. (Measurement 
temperature) And further The model (mathematical model; a high order and many dimension functions) 
designed in order to direct the power which should be supplied to heaters 31-35 in order to set the presumed 
temperature as desired value is memorized. This model M is prepared for example, according to the temperature 
zone region. 

[0029] According to the class of membrane formation processing performed with this thermal treatment 
equipment, two or more kinds of recipes which define a control procedure are memorized by the recipe storage 
section 112. Each recipe contains the temperature recipe set up according to the zone as shown in drawing 3 (b). 

[0030] ROM1 13 is a record medium which consists of an EEPROM, a flash memory, a hard disk, etc., and 
memorizes the program of CPU1 16 of operation etc. RAMI 14 functions as a work area of CPU1 16 etc. I/O 
Port 115 outputs the control signal which CPU1 16 outputs to each part while supplying thermocouples Sinl- 
Sin5 and the measurement signal of Soutl-SoutS to CPU1 16. Moreover, the control panel 1 18 is connected to 
I/O Port 1 15. A bus 117 transmits information between each part. 

[0031] DSP etc. is sufficient as CPU 1 16, and it performs the control program memorized by ROM 1 13, and 
controls actuation of a thermal treatment equipment along with the recipe memorized by the recipe storage 
section 112 according to the directions from a control panel 118. 

[0032] Specifically, CPU1 16 chooses and reads what corresponds [ from ] among two or more recipes which 
read the model M memorized by the model storage section 111, and are memorized by the recipe storage 
section 112. And processing actuation is performed according to a recipe. 

[0033] Especially, in the gestalt of this operation, CPU1 16 incorporates thermocouples Sinl-Sin5, the measured 
value from Soutl-Sout5, the indicated value (value of the supply voltage to heaters 31-35) to the power 
controllers 36-40, etc., and presumes the temperature of the wafer W of a zone 1 - a zone 5, and the temperature 
of thermocouples Sinl-Sin5 with Model M. 

[0034] Furthermore, the presumed temperature TEsinl-TEsin5 of thermocouples Sinl-Sin5 and the temperature 
(self temperature) TRsinl-TRsin5 which thermocouples Sinl-Sin5 actually measured are measured, it asks for 
both relation, this relation is applied, and the presumed temperature TEwl-TEw5 of a wafer is proofread. And 
the proofread wafer temperature Twl-Tw5 directs a supply voltage for the power controllers 36-40 so that it 
may be in agreement with the value which a temperature recipe directs. 

[0035] Moreover, CPU1 16 performs the directions to flow controllers 44-46, the directions to the pressure 
regulation section 28, etc. like control of the usual thermal treatment equipment. 

[0036] Next, the membrane formation processing by the batch type thermal treatment equipment of the above- 
mentioned configuration is explained. First, the product wafer (wafer of a processing object) W is laid in a 
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wafer boat 23. If this wafer boat 23 is loaded in a coil 2, an operator directs initiation of processing from a 
control panel 118. CPU1 16 answers directions and reads Model M and a recipe from the model storage section 
1 1 1 and the recipe storage section 1 12, respectively. 

[0037] Next, according to the read recipe, it energizes at a heater 3 and a temperature up is started. CPU1 16 
Furthermore, thermocouples Sinl-Sin5 and the output signal of Soutl-Sout5, And heater power (it corresponds 
to the control signal to the power controllers 36-40) It applies to the read model M. The temperature TEwl- 
TEw5 of the wafer of five zones, an upper case (zone 1), the Nakagami stage (zone 2), the middle (zone 3), the 
Nakashita stage (zone 4), and the lower berth (zone 5), Temperature TEsinl-TEsin5 of thermocouples Sinl- 
Sin5 is presumed (count). 

[0038] CPU1 16 measures the temperature TEsinl-TEsinS of the presumed thermocouples Sinl-Sin5, and the 
temperature (actual measurement) TRsinl-TRsinS which the output signal of thermocouples Sinl-Sin5 shows, 
and proofreads the presumed temperature TEwl-TEwS of a wafer based on a comparison result. 
[0039] The proofreading technique is arbitrary. For example, it is possible to consider as the wafer temperature 
which it asked [ temperature ] for the function fin with which the relation of TRsinm=fm (however, m 1, 2, 3, 4, 
5) (TEsinm) is materialized, and the presumed wafer temperature TEwm was substituted [ temperature ] as 
TEsinm in this function frn, and had ftn (TEwm) proofread. 

[0040] When the observation temperature TRsinl-TRsinS of thermocouples Sinl-Sin5 is the values which 
added the predetermined offset values delta offset 1 -delta offset5 to the presumed temperature TEsinl-TEsin5, 
the presumed temperature TEwl-TEw5 of a wafer is corrected to TEwl+deltaoffsetl - TEw5+deltaoffset5, and, 
specifically, is proofread. Moreover, for example, when the observation temperature TRsinl-TRsinS of 
thermocouples Sinl-Sin5 is the values which carried out the multiplication of the predetermined multipliers 
(scale factor) kl-k5 to the presumed temperature TEsinl-TEsinS, it corrects and proofreads so that the 
presumed temperature TEwl-TEw5 of a wafer may be doubled kl-k5. 

[0041] Furthermore, when relation as shown in a formula 1 is materialized, as shown in a formula 2, you may 
proofread. 

[Equation 1] TRsinm=km-TEsinm-delta offsetm - [Equation 2] Twm=km-TEwm-delta offsetm [0042] In 
addition, multipliers kl-k5 and the technique of searching for offset delta offset 1 -delta offsets are arbitrary, for 
example, in order to remove the effect of a noise, may integrate with TRsinl -TEsin5, and TEsinl-TEsinS, and 
may calculate a multiplier k and offset deltaoffset. 

[0043] Next, the power supplied to heaters 31-35 every moment is controlled through the power controllers 36- 
40 so that the wafer temperature which carried out in this way and was proofread approaches most the 
combination of the temperature which the temperature recipe has set up as a whole. That is, based on the 
proofread wafer temperature, adaptation (adaptive) control of the wafer temperature is carried out. 
[0044] For example, it is calculated that the proofread temperature of the wafer of five zones in time of day t is 
Twtl , Twt2, Twt3, Twt4, and Twt5, and when the temperature which a recipe directs is Ttl , Tt2, Tt3, Tt4, and 
Tt5, control is performed so that the difference of proofread temperature and target temperature (recipe 
indicated temperature) may become as a whole the smallest. For example, using the least square method, the 
power supplied to heaters 31-35 is separately controlled so that 2 (Twtl -Ttl )+(Twt2-Tt2) 2+(Twt3-Tt3) 2+ 
(Twt4-Tt4) 2+(Twt5-Tt5) 2 becomes min. 

[0045] If an expression is changed, according to thermocouples Sinl-Sin5, the output signal of Soutl-Sout5, 
and the power of heaters 31-35, the temperature of the wafer W of each zone will be guessed every moment, 
this will be proofread further, and adaptive control (adaptive control) of the five heaters 31-35 will be carried 
out according to an individual so that the wafer temperature Twl-Tw5 after proofreading may turn into 
temperature specified by the recipe defined beforehand. 

[0046] Termination of a temperature up continues adaptive control so that the temperature of each zone (an 
upper case, the Nakagami stage, the middle, the Nakashita stage, lower berth) may be maintained uniformly, 
respectively, supposing a temperature recipe is the orbit shown in drawing 3 (b) — CPU1 16 — the wafer 
temperature Twl-TwS after proofreading — an upper case (zone 1) controls so that 849 degrees C and the 
Nakashita stage (zone 4) become 848 degrees C and the lower berth (zone 5) becomes [ 852 degrees C and the 
Nakagami stage (zone 2) / 850 degrees C and the middle (zone 3) ] 846 degrees C. 

[0047] If sufficient time amount to stabilize the temperature in a coil 2 passes, raw gas will be supplied to a coil 
2 and membrane formation will be started. Between membrane formation processings performs temperature 
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control so that the temperature of the wafer W of each zone of an upper case, the Nakagami stage, the middle, 
the Nakashita stage, and the lower berth may approach the laying temperature of a temperature recipe most as a 
whole. For this reason, membrane formation processing accomplishes seemingly the wafer W of each zone of 
an upper case, the Nakagami stage, the middle, the Nakashita stage, and the lower berth at different 
temperature. However, since a model and a recipe are the values (value which converted the effect of the 
concentration of membrane formation gas, the processing number of sheets of a wafer, or dispersion of 
arrangement etc. into heat, and was adjusted) adjusted so that the uniform film could be formed, the film of 
comparatively uniform thickness grows between fields and in a field. 

[0048] After membrane formation is completed, supply of membrane formation gas is suspended and the inside 
of a coil 2 is cooled. Also at the time of cooling, if needed, the temperature of a wafer is presumed and estimate 
is proofread further. The unload of the wafer boat [ finishing / processing ] 23 is carried out after the completion 
of processing. 

[0049] In this batch type thermal treatment equipment, the model and recipe for presuming the temperature of 
Wafer W and the temperature of temperature sensors Sinl-Sin5 are beforehand prepared in the control section 
1 00. Therefore, even when the wafer temperature which a control section 1 00 presumes shifts from actual 
temperature according to a certain cause, the gap can be proofread and adaptive control can perform membrane 
formation processing (heat treatment) appropriately using wafer temperature [ finishing / proofreading ]. A 
heater 3 is appropriately controllable by this adaptive control. 

[0050] Moreover, since the temperature recipe is adjusted for every zone so that thickness may become uniform 
between fields and in a field, generating of the difference of the thickness by the flow of gas, distribution of a 
gas consistency, a temperature gradient, etc. can be suppressed. 

[0051] Moreover, the average kave of average deltatave of delta offset 1 -delta offsets or multipliers kl-k5 is 
calculated, and the temperature TEwm of the guessed wafer may be corrected for example, to kave-TEwm-delta 
Tave, and may be proofread. 

[0052] Next, the design technique of a model and a recipe is explained. In order to make five temperature which 
guessed the temperature of the wafer W of each zone and was farther guessed from thermocouples Sinl-Sin5, 
the output (measured value) of Soutl-Sout5, the supply voltage to heaters 31-35, etc. approach the purpose 
temperature as a whole, if a model is a mathematical model which can specify the power supplied to heaters 31- 
35, it is available in the model (several variables, many dimensions, many output functions) of arbitration. As 
such a model, the model indicated by the U.S. Pat. No. 5,517,594 official report can be used, for example. 
[0053] Hereafter, the model indicated by the U.S. Pat. No. 5,517,594 official report is explained to an example. 
First, five wafers for a test which built Thermocouples Swc and Swe into the location which is distant from a 
core and a core 6mm, for example are prepared for the thermal treatment equipment shown in drawing 1 . Next, 
these five wafers for a test lay the wafer for a test, and the usual wafer in a wafer boat 23 so that it may locate 
one in five zones of drawing 3 (a) at a time. Next, this wafer boat 23 is loaded to a coil 2. Next, the signal of a 
high frequency band and the signal of a low frequency band are impressed to heaters 31-35, and data, such as a 
current supplied to thermocouples Sinl-Sin5 and the output of Soutl-Sout5, the output (wafer temperature) of 
the thermocouples Swc and Swe on the wafer for a test, and a heater, are acquired with the sampling period for 
1-5 seconds. 

[0054] Next, a temperature zone region is set up at intervals of 100 degrees C in a fixed temperature 
requirement, for example, the range of 400 degrees C - 1 100 degrees C, (since presumption of temperature etc. 
will become incorrectness if an extensive temperature zone region is covered with one model). From the 
acquired data, the ARX (automatic recursion) model shown in a formula 3 is set up about each temperature 
zone region. 
[0055] 

[Equation 3] yt+AAlyt-l+AA2yt-2+ ... +AAnyt-n=BBlut-l+BB2ut-2+ ... contents [ of the p line one train 
which uses the following contents in t as a component at the +BBnut-n+etyt:time ] of vector: — the amount of 
fluctuation from the terminal temperature ybias of the output of thermocouples Sinl-Sin5 (— this example — 5 
component) and the amount of fluctuation from the terminal temperature ybias of the output of thermocouples 
Soutl-Sout5 (this example five components) — The amount of fluctuation from the terminal temperature ybias 
of the output of the thermocouple Swc set to the core of a wafer (this example five), the amount of fluctuation 
from the terminal temperature ybias of the output of the thermocouple Swe set to the periphery section of a 
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wafer (this example five). Therefore, in this example, yt serves as a vector of a 20-line one train. 

ut: The vector of the m line one train which uses the amount of fluctuation from the heater power balanced 

value ubias in t as a component at the time (since heaters are five zones in this example, it is five-line one train). 

et: The vector of the m line one train which uses white noise as a component, 
n: Delay (for example, 8). 

The matrix (this example 20-line 20 trains) of AA1 - an AAn:p line p train. 
The matrix (this example 20-line five trains) of BB1 - a BBn:p line m train. 

[0056] Here, they are each multipliers AAl-AAn and BBl-BBnn. It determines using the least square method 
etc. 

[0057] When a space equation of state expresses the called-for ARX model, a formula 4 comes to show. 
[Equation 4] 



A = 



-AAi lp'"0 



-AAn 0 



B = 



BBi 



BBr 



Kf= 



~AAi 



-AA, 



C =[Ip---0] 

[0058] It asks for the model which guesses heater power ut to a thermocouple (Sinl-Sin5, Soutl-Sout5), 
temperature Tthermo, and wafer temperature from here. The output yt of a formula 3 is divided into the 
measurable part St (P one-line one train) and the wafer temperature Wt (P two-line one train). According to it, C 
is divided into CS and CW and ybias is divided into Sbias and Wbias. A wafer temperature model is calculated 
by the formula 5. 
[0059] 

[Equation 5] When the suitable Riccati equation is solved to a Xt+l=AXt+BUt+kfetSt=CsXt+[Ip, 0] et top 
equation and the feedback gain L is searched for, a formula 6 comes to show a wafer temperature model. 
[0060] 

[Equation 6] Xt+1 =AXt+B(Ut+Ubias)+L(Tthermo-CSXt+Sbias) Tmodel and t=CwXt+Wbias - here, Tmodel 
and t are prediction wafer temperature. 

[0061] Next, wafer temperature is again measured using the wafer for a test. The wafer temperature Tmodel and 
the actual measurement Twater which were presumed based on the formula 6 are compared, and a model is 
tuned up. This tuning actuation is repeated two or more times if needed. 

[0062] In order to improve the processing speed of an actual membrane formation form, about the 10th degree 

of the created model is formed into a low dimension, and it mounts in a thermal treatment equipment. 

[0063] Actuation is set up so that the time average of fluctuation of the wafer temperature guessed from the set 
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point of temperature may be minimized about the program of CPU1 16 of operation on the other hand. 
[0064] Furthermore, according to the class of membrane formation processing, the temperature target orbit Ttraj 
(t), i.e., a temperature recipe, whose uniform membrane formation is attained in each zone is designed. Then, it 
controls so that all of five zones follow this temperature target orbit, and membrane formation processing is 
performed in test. The thickness of the formed film is measured after processing and dispersion in thickness etc. 
is checked. 

[0065] For example, when the thickness of the wafer of an upper case is smaller than the thickness of the wafer 
of the lower berth, even if a direct cause is unknown, it can make thickness almost equal by raising the 
temperature of an upper case relatively. Then, using the least square method etc., the temperature target orbit 
Ttraj (t) is corrected so that dispersion may become the smallest. This is a temperature recipe for every zone as 
shown in drawing 3 (b). It is also possible to tune up this temperature recipe further. 

[0066] Thus, according to the processing number of sheets of a wafer, and its arrangement, a recipe is set up, 
respectively and is remembered to be the model which defines the output for making temperature presumption 
and wafer temperature of a wafer into target temperature by the model storage section 1 1 1 and the recipe 
storage section 112. 

[0067] Then, these models and recipes are suitably chosen at the time of actual membrane formation, are read to 
it again, and are used for control at it. 

[0068] As mentioned above, although the design technique of the thermal treatment equipment of the batch type 
concerning the gestalt of implementation of this invention and its adaptive control approach, the model used for 
control, and a recipe was explained further, this invention is not limited to the gestalt of the above-mentioned 
implementation, but various deformation and application are possible for it. For example, with the gestalt of the 
above-mentioned implementation, although this invention was explained to the example for the heat CVD 
system for nitride formation, the class of processing is applicable to a batch type thermal treatment equipment 
with the CVD systems which form the film of other types, oxidation systems, etching systems, etc. it is arbitrary 
and various. However, a model and a recipe are designed for every class. 

[0069] Moreover, neither configuration nor actuation is also limited to the gestalt of the above-mentioned 
implementation. For example, although the number of heaters was set to five and the zone in a coil 2 was set to 
five with the gestalt of the above-mentioned implementation, the number of heaters and the number of 
temperature zones are arbitrary. Moreover, a heater may not be limited to the thing of an electric resistance 
mold, but a lamp etc. is sufficient as it. Moreover, the configuration for measuring temperature is not limited to 
a thermocouple, either, but can apply the temperature sensor of arbitration. 

[0070] Moreover, a model and its design technique are also limited to neither the model indicated by U.S. Pat. 
No. 5,517,594 nor its design technique, and can adopt the model of arbitration, and the design technique of 
arbitration. Moreover, a model and a recipe may be communalized by it being complicated about all equipments 
to design a model separately, creating one model and/or a recipe about the thermal treatment equipment of the 
same specification, and carrying out optimization processing of this for every equipment. According to this 
approach, creation and tuning of a model can be performed efficiently. 
[0071] 

[Effect of the Invention] Processing appropriately is possible even when the processed object with which 
processing number of sheets differs from arrangement is held in a heating furnace in the thermal treatment 
equipment of a batch type according to this invention, as explained above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ^ 




Sinl~SinS ■ 
Soutl~Souts 



[Drawing 2] 



http ://www4 .ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi_ejj e 



9/21/2005 



JP,2002-091574,A [DRAWINGS] 



111 

i . 



112 

I * 



113 



ROM 



114 



RAM 



Sinl~Sln3 - 
Soan~Sout5 - 



100 



116 



CPU 



117 



115' 

±L 

I/O*- h 



7X7n-3V h 44—46 
£*83£ft 28 



3 

118 




TDrawing 41 



http://wvm4apdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2002-091574,A [DRAWINGS] 



Page 3 of 3 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/21/2005 



